Abstract. We investigate the complexity of enumerating pseudo-intents in the lectic order. We look at the following decision problem: Given a formal context and a set of n pseudo-intents determine whether they are the lectically first n pseudo-intents. We show that this problem is coNPhard. We thereby show that there cannot be an algorithm with a good theoretical complexity for enumerating pseudo-intents in a lectic order. In a second part of the paper we introduce the notion of minimal pseudointents, i. e. pseudo-intents that do not strictly contain a pseudo-intent. We provide some complexity results about minimal pseudo-intents that are readily obtained from the previous result.
Introduction
The so-called stem base or Duquenne-Guigues Base from Formal Concept Analysis (FCA, [5] ) plays an important rôle within FCA [6] . It has applications both within FCA as well as other fields such as Description Logics (DL) (in particular in knowledge base completion [1] ). Therefore it is not surprising that it has been of major interest in the FCA community since its introduction.
In order to compute the Duquenne-Guigues Base of a formal context one must compute its pseudo-intents. The most well known algorithm for computing pseudo-intents is the Next-Closure-Algorithm [4] . It produces all concept intents and all pseudo-intents of a given formal context in a lexicographic order (called the lectic order). Another less well known algorithm has been introduced in 2007 [9,10] . It computes concept intents and pseudo-intents by starting with a set containing a single attribute and then incrementally adding attributes.
Both algorithms compute not only pseudo-intents but also concept intents. It is not difficult to see that the number of concept intents can be exponential in the number of pseudo-intents. As an example consider a series of contexts
. . , n} and all subsets of M n with cardinality n − 2 are object intents. This context has 1 2 n(n − 1) objects and n attributes. The pseudo-intents of K n are exactly the sets of cardinality n − 1. All sets of cardinality less than n−1 are concept intents. This means that there are 2 n −n−1 concept intents while there are only n pseudo-intents. The case n = 4 is shown in Table 1 .
This shows that there is a problem with the known algorithms for computing pseudo-intents. In many practical applications such as attribute exploration or 
knowledge base completion one is not interested in concept intents but only in pseudo-intents. Yet, the above example shows that in the worst case the time needed to enumerate all pseudo-intents can be exponential in the size of the output, i. e. the number of pseudo-intents, when using one of the two known algorithms. This raises the question whether it is theoretically possible to find more efficient algorithms for computing pseudo-intents. It is known that the number of pseudo-intents can be exponential in the size of the incidence relation of the context [7] . From this it immediately follows that there cannot be an algorithm that enumerates pseudo-intents in polynomial time in the size of the input (which would be the incidence relation).
For problems where the size of the output can be large in the size of the input other measures of complexity have been developped. One possibility is to take into account not only the size of the input, but also the size of the output. An algorithm is said to run in output polynomial time if it enumerates the solutions in time polynomial in the size of the input and the output. In previous work a relationship between the problem of enumerating pseudo-intents and the so-called transversal hypergraph problem (TransHyp, [2] ) has been discovered. TransHyp is known to be in coNP but so far no hardness result has been shown. It is most likely not coNP-hard because it can be solved in n o(log n) time [3] . It is also not known whether TransHyp is in P. It has been shown that pseudo-intents cannot be enumerated in output-polynomial time unless TransHyp is in P [11, 12] .
For someone who wants to apply attribute exploration in practice the most interesting measure of complexity is the delay between the computation of one pseudo-intent and the next. During this time the expert must wait unproductively for the next question to show up. With the known algorithms the delay can be exponential in the size of the input -and even in the size of the output. An enumeration algorithm is said to run with polynomial delay if the time between the enumeration of one solution and the next is polynomial in the size of the input.
The central question in this paper is whether it is possible to enumerate pseudo-intents in the lectic order with polynomial delay. We prove that the problem of checking whether a given set of n pseudo-intents is the set of the
